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PREPARING PROTEIN FOR HYDROLYSIS AND 
PRODUCT 

This is a continuation of application Ser. No. 562,023, 
?led Dec. 14, 1983, now abandoned, which is a continu 
ation of Ser. No. 350,845, ?led Feb. 22, 1982, now aban 
doned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to processes for purifying pro 

teinaceous solutions for enzymatic hydrolysis, particu 
larly to provide organoleptically desirable protein hy 
drolysate compositions which can be used for dietary 
purposes and in particular for hospital diets. 

2. The Prior Art 
Synthetic or low-residue diet foods have been pre 

pared by the prior art to provide the essential nutritional 
requirements of humans in an easily digestible form. 
Such diets are predigested protein which have high 
nutritional value, preferably low ash, and are primarily 
designed for pre- or postoperative patients or for pa 
tients with digestive problems, such as the incapability 
of breaking down whole protein in the digestive tract (a 
sympton of cystic ?brosis). One of the primary prob 
lems with respect to such diets is palatability of the 
product. 

It is well known that when proteins are digested with 
strong acid or alkali or with enzymes, hydrolysis of the 
protein takes place with the subsequent formation of 
protein fragments, peptides and amino acids. Frag 
mented protein materials of this type are desirable prod 
ucts for administration to humans (and animals) with 
digestive problems. 
Of the known means to hydrolyze protein, enzymatic 

hydrolysis is preferred since it does not destroy essential 
amino acids that are destroyed by acid or alkaline hy 
drolysis. However, enzymatic hydrolysis rarely goes to 
completion and the products of the enzymatic hydroly 
sis cannot be predicted and frequently the hydrolyzed 
protein is unsuitable because it contains bitter-tasting 
peptides. Products of this type to be effective as diets 
must be organoleptically acceptable. (Dietary Enzy 
matic Hydrolysates of Protein with Reduced Bitterness, 
Clegg et al., J. Food Tech. (1974) 9, 21-29). 

In US. Pat. No. 3,857,966 there is disclosed a method 
for preparing an egg albumen hydrolysate which does 
not contain the characteristic egg smell and taste. Egg 
albumen in a 5% by weight solution whose pH is ad 
justed to 6.3-6.4 is heated to about 85° C. for about 5 
minutes to precipitate the protein. After cooling to 
room temperature, the precipitate is separated by cen 
trifugation and the supernatant is discarded. The precip 
itate is resuspended in fresh water at pH 6.3—6.5, ho 
mogenized in a Waring blender and centrifuged again, 
discarding the supernatant. The washing step is re 
peated once more and the wash precipitate is used to 
make a 5% protein suspension for hydrolysis. 
The protein suspension as prepared above is then 

heated at an alkaline pH (pH 8-9) at a temperature 
(95"—10020 C.) and for a period of time (generally about 
1 hour) effective to condition the protein for ef?cient 
enzymatic hydrolysis. Apparently at this stage residual 
enzyme inhibitors which remain from prior treatments 
are destroyed. The enzymatic hydrolysis is then con 
ducted using a two-stage enzyme system of an alkaline 
microbial protease in the ?rst stage and a blend of neu 

5 

20 

35 

50 

65 

2 
tral microbial protease and a plant enzyme in the second 
stage. Similar techniques are indicated in the patent to 
be applicable to soy protein isolate, whey or whey pro 
tein and ?sh protein. This process requires a preparation 
step, a heating or conditioning step and the use of three 
different enzymes to effect the preparation of an organ 
oleptically acceptable hydrolysate. 
US. Pat. No. 4,107,334 uses a similar precipitation, 

technique to prepare the functional protein from micro 
bial, or vegetable protein, or whey by hydrolysis. Gen 
erally a solution of low solids and protein content is 
preferably adjusted to a pH of about the isoelectric 
point of the protein (4-7) and heated until a large pro 
portion of the protein (at least 50%) has been precipi 
tated (for whey protein concentrate -90° C. for 2 min 
utes). 

After washing, the protein is hydrolyzed using any 
acid, neutral or alkaline protease (fungal protease sug 
gested). 
The value of a protein hydrolysate in a special diet 

program depends on the degree of hydrolysis, flavor, 
and the ash content. The prior art processes which 
relate to precipitation depend upon the reaction of the 
protein at the isoelectric point. The agents for adjusting 
pH tend to increase the ash content of the final product. 
It would be more desirable to have a process which 
could operate at the native pH of the protein without 
the need to add pH adjustment agents and their atten 
dant ash content. 

In numerous processes, the extent of the hydrolysis 
reaction is extremely short to avoid extensive hydroly 
sis which will produce strongly ?avored agents. Long 
hydrolysis time can pose microbiological control prob 
lems which require the addition of a preservative Some 
of these problems are avoided by conducting a partial 
hydrolysis. The use of a partial hydrolysis reaction is 
also favored because a more complete hydrolysis would 
require more time than is convenient or economical. It > 
would be advantageous to be able to conduct the hydro 
lysis rapidly and more completely while avoiding flavor 
problems and still obtain a product which is low in ash 
and highly hydrolyzed. 
These features can be provided in accordance with 

the present invention. 

THE INVENTION 

In accordance with the present invention, it has been 
found that a low ash protein product particularly 
adapted for hydrolysis can be prepared by gelling a 
dispersion of the protein to be hydrolyzed, washing the 
gel in particulate form in suf?cient liquid and for a 
period of time suf?cient to allow a portion of the non 
proteinaceous material to defuse from the gel into the 
surrounding liquid, and separating the liquid. The pre 
treated product from this procedure can then be used to 
form a protein solution for hydrolysis in accordance 
with the teachings of the prior art. 
By the formation of the gel, the protein has been able 

to unfold and bond between the sulfhydryl groups. This 
is entirely distinct from a precipitation reaction at the 
isoelectric point in which the sulfhydryl groups are not 
responsible for action. A more complete removal of 
protein is possible by this technique. 

It has also been found that the use of a special group 
of enzymes in hydrolyzing a product as pretreated 
above provides good yield at short reaction time with 
limited organoleptic problems. 
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DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

The instant process provides a simple and inexpensive 
means of separating the protein of many natural protein 
sources from water-soluble constituents by means of an 
ef?cient protein insolubilization step and in turn con 
verting the separated proteins into a water-soluble form. 
The process of the present invention can be success 

fully employed to purify proteins from any source pro 
vided that they are water~soluble and thermogelable. 
Animal and vegetable proteins are contemplated. In 
order to be gelable, the protein source must form a 
solution of from about 8% to about 40% and preferably 
from about 12% to about 20% total solids depending on 
the protein and from about 6% to about 30%, and pref 
erably from about 9% to about 18% protein, the per 
centages being by weight based on the total of the solu 
tion. As the percent solids and protein approach the 
upper limits of the respective ranges, dissolving dif?cul 
ties may be encountered depending on the source of the 
protein. Egg albumen can dissolve at 20-25% total 
solids while soy can dissolve at higher concentrations. 
These ranges are dependent on the particular nature of 
the protein source. Preferred among these are whey 
products containing at least 30% protein, egg albumen 
in either liquid, fresh or powdered form, whey protein 
and soy protein concentrates as well as undenatured ?sh 
protein. 
The protein source can be selected from those which 

‘I are available commercially or they can be prepared 
according to techniques well known to the art. Such 
commercially available protein include SUPRO soy 
isolate, whey protein concentrate (40—90% protein), 
egg albumen, and ?sh protein (e.g. Atra-Nabisco EFP 
90 eviscerated ?sh protein). In general all of these pro 
teins can be effectively processed. Slight deviations in 
the method of operation may be required depending on 

~;; the peculiar nature of the protein involved. 
Since the hydrolysates used in hospital diets should 

be as low in lactose and ash as possible to avoid diges 
tion problems, it is preferred to utilize as the protein 
source for hydrolysis a material which is high in protein 
and low in lactose. For these reasons, egg albumen is a 
preferred protein source. 
According to an exemplary process for pretreating 

egg albumen, a 10% to about 20% and preferably from 
about 12 to about 14% total solids solution of egg albu 
men (powdered or fresh egg white at native pH) at 
about 80-87% protein based on the weight of egg albu 
men powder is prepared or a total protein content based 
on 10 to 20% solids ranging from about 8% to about 
17.4% protein. The natural pH generallv ranges from 
about 7 and 9. This solution is heated for a suf?cient 
time to form a gel. Temperatures of from about 65° C. 
to about 95° C. for about 2 minutes to about 1.5 hours 
depending on concentration and pH were found to be 
suf?cient (internal temperature of protein solution being 
suf?cient to effect gelation and for egg albumen this 
ranges from about 75°—80° Q). As the concentration is 
increased or to a lesser extent as the pH is increased, the 
gel temperature is reduced. The time for gelation is also 
dependent on the heat transfer characteristics of the 
system. A layer of gel between the heating element and 
ungelled material has a poor heat transfer characteristic. 
Multiple heating means, thin layer heating means and, 
preferably, means for breaking the gel layer can be used 
to avoid the necessity of a long heating period. Internal 
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4 
and external heating along with agitation can be used to 
facilitate complete gel formation. The selection of heat 
ing times for the formation of the required gel under the 
physical conditions of gelation used can be easily ascer 
tained by a skilled artisan. 
As used herein, a gel is intended to mean a self-stand 

ing form having a strength of at least 100 grams as 
determined by a Marine Colloids Gel Tester using a 
plunger having a diameter of 1.08 centimeters. A practi 
cal upper limit is about 2,000 grams and preferably 
about 1,000 grams. 

Before the gel can be processed to remove the non 
proteinaceous material, the gel must be reduced to a 
particle size suf?ciently small to allow diffusion to take 
place conveniently. Particles ranging in size from about 
0.125 to about 27 cubic centimeters are preferred for 
efficient diffusion. The gel can be reduced to particle 
size during gelation by agitation while the gel is form 
ing. This is preferred as it has the additional advantage 
of improving the heat transfer characteristics of the 
solution as it is being gelled. The gel can also be reduced 
in particle size after formation, a mill or grinding device 
being suf?cient for the purpose. 

If the gelled particles exhibit a surface moisture this 
can be removed at this stage by any suitable means such 
as pressure, blotting and preferably centrifuging. The 
pressure exerted by centrifuging is only required to be 
suf?cient to accomplish the separation desired. Centri~ 
fuging at from about 500 to about 1,000 gravities has 
been found effective. centrifuging time is not critical, 
from about 10 to about 60 minutes has been found ac 
ceptable. Preferably, from about 25% to about 70% of 
the initial liquid in the gel is extracted. 
The gelled particles, either before or after centrifug 

ing, are washed in a suf?cient amount of liquid and for 
a suf?cient period of time to diffuse entrained non 
proteinaceous substances from the gel into the sur 
rounding liquid. The non-proteinaceous substances gen 
erally include ash, non-protein nitrogen and, in the case 
of whey, lactose. The wash liquid is preferably water 
though alcohol, dilute acids and dilute alkali can also be 
used. The latter two are less preferred as they can de 
tract from the ash removal. An acid or alkaline wash 
may be desirable as a pH adjustment means. 
The particles are washed in a suf?cient amount of 

liquid to allow diffusion of the non-proteinacous sub 
stances. The liquid is generally used in an amount rang 
ing from about 20% to about 200% based on the weight 
of the gel. Some protein systems form dryer particles or 
curds than others. In those cases, a larger amount of 
liquid is desirable. The greater the amount of liquid, the 
greater the difference in chemical potential between the 
liquid in the gel and the surrounding liquid and the 
faster the diffusion rate. The maximum amount of liquid 
is dependent on practical considerations such as cost, 
handling, removal and the like. 
The washing is allowed to proceed to a point at 

which at least a portion of the non-proteinaceous sub 
stances have been extracted from the gel. Preferably at 
least 25% of the non proteinaceous substances are ex 
tracted at the first wash. If desired, the washing se 
quence can be repeated using the same or different 
liquid in the same or different amounts. The number of 
washings is governed by the amount of non-proteina 
ceous material to be removed. In general, one or two 
washings have been found to be sufficient. If more than 
one washing is used, it is preferred that a total of at least 
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about 50% of the non-proteinaceous substances be re 
moved during the washing stage. 
The washing temperature is not critical, room tem 

perature can be used if desired. 
The use of precentrifugation before washing and the 

number of washings depends on the nature of the 
treated protein and the purity desired. Egg albumen 
forms a moist gel and is preferably centrifuged before 
washing. Soy protein forms a dry gel so that the gel 
must be washed before separation. 
While centrifugation is the preferred separation tech 

nique, any means for liquid/solid separation can be used 
as long as the protein or the curd remains in a form 
which is usable for the purpose intended. 
The solids after centrifugation are preferably ground 

or treated in such a way as to break up and reduce the 
particle size of the material to a uniform size for hydro 
lysis. Homogenization can be used for this purpose. 
As an optional step, the solid matter can be subjected 

to pasteurization conditions. The product can also be 
heated to destroy any enzyme inhibitors, generally from 
about 65° C. to about 90° C. for a minimum of 1 minute 
though this has not been found to be essential for high 
yields. 
The material obtained at this point with or without 

the pasteurization can then be dried or subjected to 
hydrolysis using standard known techniques such as 
‘outlined in U.S. Pat. Nos.3,857,966 and 4,107,334. 

The pretreated protein is dispersed, generally in an 
aqueous medium, for hydrolysis. The concentration of 
protein in the dispersion is not critical and normally 
ranges from about 1% to about 20% and preferably 
from about 3% to about 9% based on the total weight of 
the dispersion. The particle size should be suf?ciently 
small to accommodate ef?cient hydrolysis, particle 
sizes ranging from about 1><10-1 to about 1X10-5 
cubic centimeters being preferred. More preferably, the 
particle size ranges from about 1X l0—2 to about 
1X10-4 cubic centimeters. Any hydrolysis means can 
be used including chemical such as acid, alkali or enzy 
matic, the enzymatic being preferred. Any acid, neutral 
or alkaline or animal or plant protease or combinations 
thereof can be used for hydrolysis. Any blends of en 
zymes can be used if desired. 
The minimum level of proteolytic activity is related 

to the practical rate of the hydrolysis, the maximum 
level is determined solely by economics. A crude en 
zyme may require too great an amount to provide a 
practical hydrolysis rate whereas a highly puri?ed en 
zyme can be too expensive for practical use. A practical 
operating range for the proteolytic enzyme level can be 
easily determined by a skilled artisan. 
The temperature and the pH of the hydrolysis will 

depend upon the nature of the protein hydrolyzed and 
the proteolytic enzyme employed, and are selected to 
optimize the conversion of the denatured protein to 
hydrolysate. Convenient temperatures range from 
about 20° to 65° C. Below 20° C., the hydrolysis pro 
ceeds at a rather slow rate, while at temperatures above 
65° C. the enzyme may be inactivated. The optimum 
temperature normally ranges from about 40° C. to about 
55° C. 
At the completion of the hydrolysis reaction, the 

resulting hazy to clear protein solution is treated to 
inactivate the enzyme. The method of treatment will 
depend upon the nature of the enzyme, but the inactiva 
tion is usually accomplished by heating the reaction 
solution to from about 75° to 100° C. for from about 1 to 
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6 
60 minutes. Depending on the enzyme employed, such 
treatment may be accompanied by a pH adjustment (pH 
6-8 being preferred). 

It has also been found that the use of a combination of 
fungal protease and pancreatin as disclosed in copend 
ing application Ser. No. 680,224, ?led Dec. 12, 1984 
which is a continuation of Ser. No. 350,800 ?led Feb. 
22, 1982, now abandoned, entitled PROCESS FOR 
THE PREPARATION OF PROTEIN HYDROLY 
SATES in the names of N. Melachouris, C. Lee and C. 
F. Lin provides a fast and ef?cient enzyme system for 
hydrolyzing a proteinaceous material prepared by the 
aforementioned pretreatment process. The hydrolysis 
reaction can be completed in'a shorter time at a higher 
degree of digestion thereby avoiding ?avor and micro 
biological contamination problems. The product, espe 
cially after a post-clari?cation treatment is a clear solu 
tion high in short chain peptides, low in ash and has 
good organoleptic properties. 
The fungal protease can be derived from the genus 

Aspergillus illustrated by A. aryzae, A. ?avus, A. niger, 
and particularly A. oryzae. Known enzyme preparations 
from A. oryzae are mixtures of acid, neutral and alkaline 
proteases demonstrating both exopeptidase and endo 
peptidase activity on protein molecules. The activity of 
fungal protease is generally within the range of from 
about 1,000 to about 100,000 and preferably from about 
8,000 to about 20,000 hemoglobin units per gram of 
protein in the initial protein material. One hemoglobin 
unit is that amount of enzyme which will liberate 0.0447 
mg. of non-protein nitrogen in 30 minutes. The opti 
mum temperature for effective use of the fungal prote 
ase from A. oryzae ranges from about 40° C. to about 60° 
C. and preferably from about 45° C. to about 55° C. 
The pancreatin is a protease enzyme pancreas extract 

which can be obtained from porcine, ovine or bovine. 
The proteolytic enzymes in the pancreatin are princi 
pally trypsin, chymotrypsin (A, B and C), elastase, and 
carboxypeptidase (A and B). The pancreatin should be 
processed such that at least about 70% of the endo- and 
exopeptidase extracted from the pancreas is in the pan 
creatin. The protease activity for the pancreatin can 
range from about 1,000 to about 100,000 and preferably 
from about 8,000 to about 20,000 N.F. units per gram of 
protein in the initial protein material. One N.F. unit of 
protease activity is contained in that amount of pancrea 
tin that digests 1 milligram of casein under the condi 
tions of the N.F. Assay for the activity of the enzyme. 
The optimum pH range for use depends on the enzyme 
activity desired. The optimum pH for trypsin ranges 
from about pH 7 to about 9. Optimum temperature 
range for use is up to 50° C. (preferably about 40° C. to 
about 50° C.). 
The units used herein to express the activity of pro 

teases are well known to the art and are clearly de?ned 
in such references as the First Supplement to the Food 
Chemical Codex, second Edition, 1974. 
The fungal protease is used in a ratio to the pancreatin 

within the range of about 1:1 to 1:5, and preferably from 
about 1:3 to about 1:4. This is the ratio of the total 
amount of fungal protease to pancreatin used in the 
hydrolysis. The hydrolysis can be conducted using a 
one or two stage introduction of the enzyme. The pro 
teinaceous material can be partially hydrolyzed with 
fungal protease and, after heat inactivation, further 
hydrolyzed with pancreatin alone or preferably with a 
combination of fungal protease and pancreatin. In this 
case the ratio of fungal protease to pancreatin added in 
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the second stage ranges from about 1:1 to about 1:5, the 
total ratio of fungal protease to pancreatin being as 
given hereinbefore. The proteinaceous material can also 
be hydrolyzed using only the combination of fungal 
protease and pancreatin. To avoid one enzyme from 
hydroltzing the other, the enzymes are usually added 
separately allowing about 1 minute for the ?rst enzyme 
(fungal protease) to establish itself before addition of the 
second (pancreatin). 

In the two step hydrolysis, the ?rst stage is allowed to 
proceed for at least 5 hours and preferably from about 6 
to about 8 hours though longer times can be used if 
desired. The second stage is allowed to proceed for a 
period of time suf?cient to provide the degree of hydro 
lysis desired, usually from about 12 to about 17 hours. In 
the single stage hydrolysis, the reaction can be allowed 
to proceed for at least 6 hours and preferably from 
about 6 to about 8 hours. The period of time is related to 
the degree of hydrolysis desired, lower periods of time 
producing lower degrees of hydrolysis. 
At the conclusion of the ?rst stage or the second 

stage, the enzymes are inactivated by known proce 
dures usually by heating, e. g. 90° C. for 5-10 minutes or 
75° C. for 30-60 minutes and variations thereof. A com 
bination of pH and temperature adjustments may be 
used for inactivation when the use of high temperatures 
is undesirable. After cooling, the product can be dried, 
used as is or further processed to improve clarity such 
as by ?ltering. It has also been found desirable to incor 

p‘ porate an adsorbent such as activated carbon or benton 
ite in an amount ranging from about 25% to about 200% 
(by weight based on the weight of the protein used to 
prepare the hydrolysate) in the liquid to improve ?avor 
and color. After separation of the adsorbent (?ltration 
and/or centrifugation), the hydrolysate can be dried by 
any suitable means such as freeze drying or spray dry 
ing. 
The hydrolysate, either before separation or after 

separation and/or drying, can be employed in a wide 
variety of food substrates to increase the nutritional 

l'value thereof. For example, the hydrolysates can be 
"used in dry beverage mixes, soft drinks, fruit juices, 
flavored liquid beverages and the like with no adverse 
effects on the organoleptic characteristics of the bever 
ages. The most direct use of the hydrolysate is in a 
liquid special diet. This generally takes the form of a 
?avored emulsion with characteristics of a milk shake. 
A frozen slush can also be prepared containing the 
hydrolysate. 
As used herein all percentages are by weight based on 

the weight of the composition referred to unless other 
wise stated. 

Protein amounts are determined by the Kjeldahl 
method. 
The invention will be further illustrated in the Exam 

ples which follow. 

EXAMPLE 1 

Preferred Embodiment 

A commercial powdered egg albumen was pretreated 
in accordance with the following procedure: 

1200 grams of commercial dried egg albumen were 
dissolved in water to provide a solution having 14% by 
weight egg albumen (pH 7.4). The solution was occa 
sionally agitated and heated to an internal temperature 
of between 75° and 80° C. for about 1 hour until a gel 
was formed. While forming a hard gel, the gel was 
broken by stirring with a spatula. After the hard gel was 
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8 
formed, it was centrifuged. The supernatant (serum) 
was discarded and the curd was admixed with a volume 
of water equivalent to that of the discarded serum. 
After agitation for about 30 minutes, the mixture of 
water and curd was recentrifuged. The supernatant 
(wash water) was discarded. The curd was reconsti 
tuted in water to a level of 6% solids and homogenized. 
By this pretreatment, the total solids loss from the origi 
nal egg albumen was from about 10% to about 12%, 
and about 70% of the ash was removed from the egg 
albumen. The discarded serum and wash water com 
bined contained 22% ash and 8.1% nitrogen on solids 
basis. Of the 8.1% nitrogen in the serum and wash wa 
ter, 7.3% nitrogen was nonprotein nitrogen which was 
soluble in 15% trichloroacetic acid. Since there was a 
total of about 1% nitrogen loss by pretreatment, true 
protein loss by the pretreatment was minimal. 
The pretreated egg albumen solution (6% solids) was 

hydrolyzed enzymatically according to the following 
procedure. For comparison, powdered egg albumen 
from the same source was dissolved in water to provide 
a control solution having 6% egg albumen by weight. 
Both the pretreated and control egg albumen solutions 
were pasteurized by heating to 65° C. and cooled to 
about 50° C. To each solution were added 0.15% 
(W/V) commercial fungal protease and 0.45% (W/V) 
commercial pancreatin. The fungal protease had an 
activity of 384,000 hemoglobin units per gram which is 
equivalent to 11,707 hemoglobin units per gram of pro 
tein in the initial egg albumen. The pancreatin contained 
100 N.F. units per milligram which is equivalent to 
9,146 N.F. units per gram of protein in the initial egg 
albumen. Each solution containing both enzymes was 
incubated for 7 hours at 50° C. with stirring During 
digestion, aliquots of the digest were removed from 
each solution for analysis. Ten milliliters of each aliquot 
were admixed with 10 milliliters of 30% trichloroacetic 
acid solution. After mixing completely, the mixture was 
centrifuged at about 900 gravities for 30 minutes. The 
supernatant was discarded and the precipitated material 
was dried in a 100°—110° C. oven for about 15 hours. 
The amount of the dried precipitated material was 
weighed. The amount of precrpitation represents the 
amount of unhydrolyzed proteins and incompletely 
hydrolyzed peptides with greater than about 1400 mo 
lecular weight. After 7 hours of incubation, both the 
pretreated and control egg albumen solutions were 
heated to 90° C. for enzyme inactivation and compared 
with each other for turbidity and appearance of precipi 
tate. The results are shown in Tables I and II. 

TABLE I 

Change in the amount of unhydrolyzed proteins and incom 
pletely hydrolyzed peptides as a function of incubation time. 

Percent Weight of Unhydrolyzed Proteins 
and incompletely Hydrolyzed Peptides based 
on the Weight of Starting Egg Albumen Solids 

Incubation Time Pretreated Egg Control - Unpretreated 
(Hours) Albumen Solution Egg Albumen Solution 

4 23 84 
6 17 59 
7 16 50 
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TABLE 11 
Turbidity and appearance of the digest solution after 

7 hours of incubation and enzyme inactivation. 
Pretreated Egg Control - Unpretreated 

Albumen Solution Egg Albumen Solution 

Turbidity relatively white, paste like 
clear turbid solution 

Height of precipitate 1.2 cm 4.9 cm 
after holding digest 
solution for 24 hours 
in a refrigerator - 

solution height 
10 cm 

EXAMPLE 2 

A soy protein isolate (powder) was prepared from a 
commercial soy flour following the commercial isola 
tion process as outlined in J. of Am. Oil Chemist’s Soci 
ety, Vol. 58(3), 1981, p. 334, FIG. 2. 108 grams of the 
soy protein isolate was dispersed in water to provide a 
solution having 18% solids by weight. The solution was 
heated in a 97° C. water bath with occasional stirring 
until a hard gel was formed. The gel was broken into 
small pieces and was admixed with 300 milliliters water. 
This solution was centrifuged about 900 gravities for 30 
minutes. After the centrifugation, the supernatant (wash 
water) was discarded and the curd was reconstituted in 
water to 6% solids. The solution containing the 6% soy 
protein isolate curd was homogenized to break the curd 
into small particles using a polytron homogenizer (from 
Brinkman Instruments). 
For comparison purposes, soy protein isolate (pow 

der) from the same source was dispersed in water to 
provide a control solution having 6% solids by weight. 
Both the pretreated solution (6% solids) and control 

solution (6% solids) were hydrolyzed enzymatically 
following the procedure described in Example 1. Dur 
ing digestion, aliquots of the digest were removed from 
each solution for analysis. Ten milliliters of each aliquot 
was combined with 10 milliliters of 30% trichloroacetic 
acid solution. The amount of precipitation from each 
aliquot was determined following the procedure de 
scribed in Example 1. The results are shown in Table 
III. 

TABLE III 
Change in the amount of unhydrolyzed proteins and incom 
pletely hydrolyzed peptides as a function of incubation time. 

Percent Weight of Unhydrolyzed Proteins and 
Incompletely Hydrolyzed Peptides based on 
the Weight of Starting Soy Protein Isolate 

Incubation Time Pretreated Soy Control - Unpretreated 
(Hours) Protein Isolate Soy Protein Isolate 

2 22 65 
4 10 47 
7 7 45 

EXAMPLE 3 

1200 grams of commercial egg albumen powder was 
pretreated and enzymatically hydrolyzed following the 
procedure described in Example 1. After 7 hours of 
incubation, the hydrolysate was heated to 90° C. for 
enzyme inactivation and was then freeze dried. Solids 
recovery was 87.7%, indicating that 12.3% solids of the 
starting egg albumen solids was lost during the pretreat 
ment. Nitrogen and ash contents of the dried hydroly 
sate were 12.9% and 3.4% by weight respectively. Per 
cent a-amino nitrogen content of the dried hydrolysate 
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was determined according to the procedure described 
in US. Pharmacopeia National Formulary, USP XX, 
1980, p. 688. The percent a-amino nitrogen was 48.1% 
of total nitrogen. The hydrolysate quickly dispersed in 
water, but exhibited slight precipitation in both water 
and 15% trichoroacetic acid solution and also exhibited 
a slight bitterness. 

EXAMPLE 4 

600 grams of commercial egg albumen powder was 
pretreated and enzymatically hydrolyzed following the 
procedure described in Example 1. After 7 hours of 
incubation, the hydrolysate was heated to 90° C. and 
cooled immediately for enzyme inactivation. After 
cooling, a diatomaceous earth ?ltering aid (1%, WW; 
Celite No. 545; Johns Manville Products Corp.) was 
added to the hydrolysate. The mixture of the hydroly 
sate and the ?ltering aid was ?ltered through a Seitz 
Pressure ?ltering apparatus (Model No. 14) equipped 
with a Seitz No. 5-88 ?lter media. The ?ltrate was 
freeze dried. Solids recovery was 80.0% and they con 
tained 12.8% nitrogen and 6.3% ash. The percent at 
amino nitrogen content was 53.6% of total nitrogen. 
The hydrolysate quickly dispersed in water, but exhib 
ited slight precipitation. However, the precipitate went 
into solution completely resulting in a clear solution 
when the solution was warmed to 65° C. and cooled to 
room temperature. This indicates that the precipitation 
is non-covalent in nature and is possibly due to crystalli 
zation of amino acids and small peptides. The freeze 
dried hydrolysate was completely soluble in 15% tri 
chloroacetic acid and exhibited trace bitterness. 

EXAMPLE 5 

600 grams of commercial egg albumen powder was 
pretreated and enzymatically hydrolyzed following the 
procedure described in Example 1. After 7 hours of 
incubation, the hydrolysate was heated to 90° C. for 
enzyme inactivation. After cooling, 300 grams of com 
mercial activated carbon (Nuchar S-A) was added to 
the hydrolysate. The mixture of the hydrolysate and 
activated carbon was held for 1 hour at room tempera 
ture under agitation. Then, the mixture was ?ltered 
through a Seitz Pressure ?ltering apparatus as in Exam 
ple 4. The ?ltrate was freeze dried. Solids recovery was 
69.7% and it contained 12.7% nitrogen and 6.3% ash. 
The percent a-amino nitrogen content was 56.7% of 
total nitrogen. The hydrolysate was completely soluble 
in water and 15% trichloroacetic acid solution. When 
the hydrolysate was dissolved to 5% solids in water, it 
showed almost no color and was clear. The solution 
was organoleptically bland with little to no bitter after 
taste. 

EXAMPLE 6 

Egg albumen was hydrolyzed according to the pro 
cedure outlined in US. Pat. No. 3,857,966. Egg albu 
men powder was dispersed in water to the 5% solids 
level as disclosed in the patent and the pH adjusted to 
6.35. For comparison purposes, egg albumen of the 14% 
solids level as used in Example 1 was dispersed in water 
at pH 6.3. These solutions were heated to 85° C. for 5 
minutes. The 5% solution formed precipitates whereas 
the 14% solution formed a very soft gel. After cooling 
to room temperature, both solutions were centrifuged, 
washed with water at pH 6.35, homogenized in a home 
blender (Waring) and centrifuged. The solids were sus 
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pended in water at 5% solids. The product prepared 
from the 5% solution lost 28% of the original starting 
material, and the 14% solution lost 20%. In comparison, 
the product of Example 1 lost only 10 to 12% of the. 
total solids. 
The pH of a portion of the dispersion prepared from 

the 5% solution and of the soft gel formed from the 
14% solution were each adjusted to pH 8.5 and heated 
to 95°—l00° C. for 15 minutes to condition the protein. 
The dispersion containing conditioned protein and 

similar unconditioned dispersions (from the 5% and 
14% solutions with no pH adjustment and heating) 
were hydrolyzed using an alkaline microbial protease 
(Alkalase from Novo Labs) in a ?rst stage and a neutral 
microbial protease (Nutrase from Novo Labs) and pa 
pain (papain 30,000 from Miles Lab.) in the second stage 
as outlined in the patent. The formol titration value (J. 
Fd. Sci., 39:379, 1974) of the conditioned samples was 
0.46 and 0.45 milliliters 0.1N. NaOH respectively (es 
sentially the same) and 0.6 and 0.58 milliliters 0.1N. 
NaOH for the unconditioned samples. Essentially no 
difference was seen between the two sets. In contrast, a 
hydrolysate prepared as in Example 1 using 5% protein 
was from about 3 to about 5 milliliters 0.1N. NaOH. 
This indicates that the rate of hydrolysis using the en 
zyme system of the invention is signi?cantly faster than 
that disclosed in US. Pat. No. 3,857,966. 
What is claimed is: 
1. A process which comprises: 
(a) heating a dispersion of a gelable proteinaceous 

material wherein the solids content of said disper 
sion ranges from about 12% to about 40% by 
weight and the protein content of said dispersion 
ranges from about 9% to about 30% by weight to 
a temperature for a period of time and under condi 
tions suf?cient to form a gel having a gel strength 
of at least 100 grams; ' 

(b) washing the gel in particulate form in suf?cient 
liquid and for a period of time suf?cient to allow a 
portion of the non-proteinaceous material en 
trained in the gel to diffuse from the gel into the 
surrounding liquid; and 

(c) separating the liquid, the protein product of Steps 
(a), (b) and (0) being adapted for enzymatic hydro 
lysis. 

2. The process as recited in claim 1 wherein said 
proteinaceous material is vegatable protein. 

3. The process as recited in claim 2 wherein said 
vegatable protein is soy. 

4. The process as recited in claim 1 wherein said 
proteinaceous material is animal protein. 

5. The process is recited in claim 4 wherein said pro 
tein is egg albumen. 

6. The process as recited in claim 4 wherein said 
protein is a dairy protein. 

7. The process as recited in claim 4 wherein said 
protein is ?sh protein. 

8. The process as recited in claim 1 wherein said 
solids content ranges from about 12% to about 20% by 
weight and the protein content ranges from about 9% to 
about 18% by weight. 

9. The process as recited in claim 1 wherein a disper 
sion of a gelable proteinaceous material in water is 
formed having a solids content ranging from about 12 to 
about 40% and a protein content ranging from about 9 
to about 30%; said disperion is heated to a temperature 
ranging from about 65° to about 95° C. for a period of 
time suf?cient to form a gel having a gel strength of 
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from about 100 to about 2000 grams, extracting from 
said gel after breaking said gel into particles from about 
25% to about 70% of the initial liquid from the gel, 
washing the gel particles, and extracting the wash liquid 
from the gel particles. 

10. The process as recited in claim 9 wherein the 
proteinaceous material is egg albumen, the solids con 
tent ranges from about 12% to about 20%, the disper 
sion is heated to an internal temperature ranging from 
about 75° to about 80° C. for about 2 minutes to about 
1.5 hours and suf?cient to form a gel having a gel 
strength of at least 100 grams. 

11. The process as recited in claim 1 wherein the curd 
is washed and the wash liquid extracted. 

12. The process as recited in claim 1 which further 
includes the step of hydrolyzing the protein adapted for 
enzymatic hydrolysis. 

13. The process as recited in claim 1 which further 
includes the step of enzymatically hydrolyzing the pro 
tein adapted for enzymatic hydrolysis with fungal pro 
tease and pancreatin. 

14. The process as recited in claim 1 which further 
includes the steps of reacting the protein adapted for 
enzymatic hydrolysis with fungal protease, heating to 
inactivate the fungal protease, and reacting the proteain 
with fungal protease in combination with pancreatin. 

15. The process as recited in claim 1 which further 
includes the step of hydrolyzing the protein adapted for‘ 
enzymatic hydrolysis with fungal protease in combina 
tion with pancreatin. 

16. The process as recited in claim 13 wherein the 
ratio of fungal protease to pancreatin ranges from about 
1:1 to about 1:5. 

17. The process as recited in claim 14 wherein the 
ratio of fungal protease to pancreatin ranges from about 
1:1 to about 1:5 and the fungal protease is used in the 
?rst stage such that the total ratio of fungal protease to 
pancreatin is within the range of from about 1:1 to about 
1:5. 

18. The process as recited in claim 13 wherein the 
product of hydrolysis is treated with an absorbent to 
purify the product. 

19. The process as recited in claim 18 wherein the 
product of hydrolysis is treated with activated carbon. 

20. The product of claim 1. 
21. A process comprising: 
(a) heating a dispersion of egg albumen having a 

solids content ranging from about 12 to about 20% 
and a protein content ranging from about 9 to 
about 17.4% for a period of time ranging from 
about 2 min. to about 1.5 hours and at an internal 
temperature ranging from about 75° to about 80° 
C., said time being suf?cient to form a gel having a 
gel strength ranging from about 100 to about 2000 
grams; 

(b) breaking the gel into particles ranging from about 
0.125 to about 27 cubic centimeters; 

(c) extracting at least 25% of the liquid contained in 
the gel particles; and 

(d) washing the gel particles and extracting the wash 
liquid from the gel particles, the protein product of 
Steps (a)—(d) being adapted for enzymatic hydroly 
s1s. 

22. The process as recited in claim 21 which further 
includes the steps of: 

(a) dispersing the product of Step (d) in water to form 
a dispersion having from about 3% to about 9% 
protein; and 
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(b) enzymatically hydrolyzing the protein with fun 
gal protease and pancreatin. 

23. The process as recited in claim 22 wherein the 
enzymatically hydrolyzed protein is post-treated in 
solution with activated carbon. 

24. The product of claim 21. v 
25. The process as recited in claim 15 wherein the 

ratio of fungal protease to pancreatin ranges from about 
1:1 to about 1:5. 

26. The product of claim 13. 
27. The process as recited in claim 9 which further 

includes the step of enzymatically hydrolyzing the pro 
tein adapted for enzymatic hydrolysis with fungal pro 
tease and pancreatin. 

28. The process as recited in claim 10 which further 
includes the step of enzymatically hydrolyzing the pro 
tein adapted for enzymatic hydrolysis with fungal pro 
tease and pancreatin. 

29. The process as recited in claim 9 which further 
includes the steps of reacting the protein adapted for 
enzymatic hydrolysis with fungal protease, heating to 
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inactivate the fungal protease, and reacting the protein 
with fungal protease in combination with pancreatin. 

30. The process as recited in claim 10 which further 
includes the steps of reacting the protein adapted for 
enzymatic hydrolysis with fungal protease, heating to 
inactivate the fungal protease, and reacting the protein 
with fungal protease in combination with pancreatin. 

31. The process as recited in claim 9 which further 
includes the step of hydrolyzing the protein adapted for 
enzymatic hydrolysis with fungal protease in combina 
tion with pancreatin. 

32. The process as recited in claim 10 which further 
includes the step of hydrolyzing the protein adapted for 
enzymatic hydrolysis with fungal protease in combina 
tion with pancreatin. 

33. The product of claim 10. 
34. The product of claim 19. 
35. The product of claim 22. 
36. The product of claim 23. 


